The RbEs clearance method for studying regional myocardial blood flow is based on the results that the rate of myocardial Rbe6 uptake related closely to the rate of coronary blood flow (Love and O'Meallie, 1963) . RbE6 has been shown to diffuse completely from the nutritional circuits only (Renkin, 1959; Friedman, 1968) .
In the present experiment, changes of regional myocardial blood flow during acute selective hypotension of the left circumflex coronary artery were determined by the use of RbE6 clearance technique with parallel measurement of distal coronary arterial pressure in open-chest anaesthetized dogs. In addition, the effect of nitroglycerin and/or 4-(2'-Nitrophenyl)-2,6-dimethyl-3, 5-dicarbomethoxy-1, 4-dihydropyridine(Nifedipine, Bay a 1040) -a new compound with a strong effect on the coronary circulation (Bossert and pCOa below 40 mm Hg before selective coronary hypotension. The heart was exposed and the left circumflex branch of the coronary artery was dissected free. The animals were heparinized with an initial dose of 5 mg per kg body weight. A catheter was inserted in both the thoracic aorta and coronary sinus to obtain blood samples. An 18 gauge metal catheter was inserted into the left circumflex coronary artery via the right carotid artery and a silk string was placed around the left circumflex coronary artery at a proximal site of the tip of the metal catheter. The arterial blood pressure of the thoracic aorta and the coronary artery distal to a string was measured continuously by catheters with a Nihonkoden pressure transducer and recorded on a Yokogawa-Denki oscilloscoperecorder.
Selective coronary hypotension After steady state of the arterial pressure, blood gas analysis and ECG findings were obtained for at least 15 min, a string was gradually tightened and the left circumflex coronary artery was partially obstructed and the pressure in the artery distal to a significant obstruction (LCCP) was reduced and maintained below 60 mm Hg as a coronary hypotensive.
The LCCP was allowed to stabilize at a fixed level in the range of 20 to 60 mm Hg before the drug was administered. The ECG was recorded continuously from three to four areas of the epicardial surface of the anterior and posterior wall of the left ventricle as well as standard 1, 2, 3 lead. When electrodes for epicardial ECG recording were placed on the posterior wall of the left ventricle, we quickly picked up the heart. Blood gas analysis on pOz, pCOz, and pH was performed before and after the production of selective coronary hypotension.
Rbsa clearance determination and drug infusion After a constant level of LCCP had been obtained for 15-20 min, Rbae and/or drug were infused intravenously.
Eleven of the 34 selective coronary hypotensive dogs received no drug (group 2), 14 received nitroglycerin (3 pg/kg body weight/min (group 3)), and nine received Bay a 1040 (2 pg/kg body weight/min (group 4)). Fourteen controls (group 1) underwent a sham operation. The sham operation included exactly the same procedures as those performed to induce selective coronary hypotension, except that the left circumflex coronary artery was not narrowed and drug was not infused. Drugs were infused intravenously at a constant speed for 10 min. The amount of nitroglycerin and Bay a 1040 were known to be an effective dose in similar conditions (Hashimoto et al., 1972; Vater et al., 1972) .
The indicator substance employed was Rbss Cl and obtained from the Radiochemical Centre (England). An infusion of RbsE CI in 6 mi. 0.15 M NaCl was given intravenously during a 10 min period of study at a standard, gradually decreasing rate to maintain a plateau concentration of Rbs6 in the arterial blood as described elsewhere (Love and Burch, 1957) . The usual dose injected was approximately 2&60 pc/kg body weight, containing an estimated 0.3 to 1 mg R b as a carrier.
During Rbss infusion, blood was aspirated continuously at a constant speed from catheters placed in the aorta and the coronary sinus. At the end of 10 rnin of Rbee infusion, approximately 1.5 g pentobarbital sodium was rapidly injected intravenously to stop heart contraction. Approximately 2 ml. 1% Evans blue solution was slowly infused through a metal catheter and an area supplied by the left circumflex coronary artery was roughly estimated as a blue stained area. The epicardial fat of large vessels, valves, and chorda tendinae were removed from the excised heart and the weight of the heart was measured. Full thickness cylindrical cores 1.5 cm in diameter were cut from the myocardial areas indicated in Fig. 1 . These were six cores from the right ventricular free wall (RV: A-F), four cores from the interventricular septum (IVS: G-J), and eight cores (four cores in group 1) from the left ventricular free wall (LV: K-R). Namely, in LV, three cores (K, L, M) from the anterior wall supplied by the left anterior descending, three (N, 0, P) from the posterior wall supplied by the left circumflex, and two (Q, R) from the lateral wall, intermediate between the anterior and the posterior, were cut for the determination of Rbee clearance. These cores were serially sectioned with a razor blade into three slices from the subendocardia1 layer to the subepicardial layer. These sliced specimens were weighed and digested in 10% NaOH, and assayed for radioactivity in a scintillation counter at counting rates sufficient to ensure a counting error of less than 2%. Blood aspirated during 10 min Rbs6 infusion from the aorta and coronary sinus was processed in the same way. This sampling procedure was used in all animals. Rbs6 clearance -Rba6 uptake for 10 rnin per gm of myocardium mean Rbss concentration of arterial blood for 10 min Myocardial Rba6 clearance rate was expressed as ml. arterial blood cleared per g of wet tissue weight per 10 min.
The ratio of average Rbse clearance of inner layer (I: subendocardium of LV and RV, LV-side of IVS) to that of outer layer (0: subepicardium of -I( inner) RVand LV, RV-sideof IVS) was designated outer) ratio. 1/0 ratio will show the distribution of Rbs6 clearance rate or regional blood flow to the endocardium and epicardium.
The total coronary flow was roughly estimated according to Fick's principle: estimated total coronary flow (m1./100 g LV/min) (average RbBs uptake (cpm) per g of LV per min) x 100 g --difference of mean Rbee concentration (aorta-coronary sinus)(cpm/ml.)
A criteria for grading ST.T changes of the ECG obtained by direct unipolar surface lead of LV which was described by Yoshida (1969) 
Results

Haemodynamic changes
Changes of heart rate, aortic and distal coronary pressure before and during Rbes clearance measurements are summarized in 
ST.T changes in ECG and Rba6 clearance or I10 ratio of leji uentricular free wall (group 2)
Grading of Mean coronary P value Rbse rlearance P value 110 ratio P cabe .
ST. T changes arterial pressure
Figures in parentheses represent the number of cores. Values represent mean +SE.
NS: statistically not significant (P> 0.05).
coronary pressure, and mean coronary pressure. Heart rate was not increased after nitroglycerin. In contrast with nitroglycerin, Bay a 1040 decreased not only mean and diastolic pressure of the aorta, but also diastolic coronary pressure significantly, and appeared to increase pulse pressure of the aorta. Heart rate appeared to be reduced by Bay a 1040, but this finding was not statistically significant. This difference between the haemodynamic effects of the two drugs, particularly on the blood pressure of the coronary artery distal to a significant obstruction (LCCP), would be significant in producing different effects on regional myocardial blood flow as discussed later.
However, in the present experiment left atrial pressure or LVEDP was not measured.
Rbss clearance and 1 / 0 ratio
Regional Rbs6 clearance rate and its 1/0 ratio of each core of the myocardium of the four groups of animals are summarized in Tables 3  and 4 .
Control dogs (group 1)
In control dogs, in which a normal relationship of coronary pressure and LV pressure was maintained, Rbe6 clearance of RV averaged 4.4, which was significantly lower than that of LV 5.7 and IVS 5.8 ml. blood/g/lO min respectively. No significant difference in Rbs6 clearance was observed between each core in RV, IVS, or LV. The correlation coefficient (y) between Rbs6 clearance (y) of the anterior wall (K, M) and mean coronary pressure (x) was 0.75 (P < 0.01) and y = 2.24 + 0.42~.
1/0 ratio of all cores from RV, IVS, and LV was slightly above 1.0, but the deviation from unity is not statistically significant.
Selective coronary hypotension (SCH: group 2)
In those animals in which LCCP was reduced below 60 mm Hg by partial constriction, the posterior and lateral wall of LV showed a reduced Rba6 clearance rate and the 1/0 ratio was as shown in Figs and LCCP and/or ratio of (mean LCCP)/(mean aortic pressure) were also examined, The correlation coefficient values were 0.84 and/or 0.94 respectively, which were statistically significant (P < 0.01). These correlation coefficient values are summarized in Table 5 . In general, Rbes clearance of RV, IVS, and LV, except in the posterior and lateral wall of LV of group 2, was slightly higher than that of group 1.
It appeared that RbE6 clearance of the posterior portion of RV (A, B) rarely decreased, even when LCCP decreased considerably; and the 1/0 ratio of RV did not decrease significantly ( Table 4) . In other words, the regional blood flow of RV, particularly of the subendocardium, appeared to be more resistant than that of LV to the decrease of perfusion pressure and more able to maintain a relatively normal value.
Nitroglycerin with selective coronary hypotension (NG+ SCH: group 3)
In group 3, in which ischaemia was produced by lowering the perfusion pressure of the left cir- cumflex coronary artery and later infusing nitroglycerin intravenously, the 1/0 ratio of the posterior and lateral wall of LV with an average LCCP of 31 mm Hg (Table 1 ) was in the range of 0.82493, being significantly greater than 0.63480 with an average LCCP of 34 mm Hg (Table 1) of the corresponding area in group 2 (P < 0.05 : Table 4 ). However, the average I/O ratio of 0-86 of the posterior wall of LV was still significantly lower than that of group 1, or the anterior wall of LV of group 3 (P < 0.01). Rb8' clearance of the posterior and lateral wall of LV was in the range of 5.1-6.1, values not significantly different from the previously described group 2 (Table 3) . In group 3, Rbes clearance and/or 1/0 ratio of RV and the anterior wall of LV were slightly higher than those in group 2, but the difference was not statistically significant. That is, nitroglycerin did not significantly increase Rb8' clearance and/or 1/0 ratio of the non-ischaemic area. The estimated total coronary flow rate of 98 m1./100 g LV per min of group 3 was not significantly different from that of 93 and 91 of groups 1 and 2 respectively.
myocardium of L V in group 2 ( S C H ) . LCCP of ( N + 0 ) was measured directly but coronary pressure (Co) of (L+ M ) was considered to be the
In group 3, the ECG showed no evidence of further myocardial deterioration or improvement caused by the administration of nitroglycerin.
In contrast with the finding in group 2, a significant correlation between mean LCCP and 1/0 ratio of the posterior wall of LV was not found in group 3, probably because of an increased I/O ratio at significantly lower LCCP. However, a linear relationship was found in group 3, as in group 2, between Rbe6 clearance (y) of posterior wall of LV (N, 0) and mean LCCP (x) in a range of 20 to 60 mm Hg (y = 0.80, y = 0.279 + 0.163~). Therefore, nitroglycerin appears to act by causing a redistribution of myocardial blood flow within an ischaemic area from epicardium to endocardium without altering the total flow.
Bay a 1040 with selective coronary hypotension (Bay with SCH: group 4)
As shown in Table 3 , in group 4 in which ischaemia was produced and later Bay a 1040 was infused intravenously, the Rbs6 clearance rate of RV, IVS, and the anterior wall of LV increased significantly compared with that of group 2 (P < 0-Ol), but that of the posterior and lateral wall of LV did not increase significantly. After Bay a 1040, an increase of Rbe8 clearance of RV, except for the posterior portion of it, was approximately 187% of group 2, which was slightly greater than that of anterior IVS and/or the anterior wall of LV. In the posterior wall of LV (N, 0), correlation coefficient ( y ) between mean LCCP (x) and Rbes clearance (y) was 0.79 (P<O.Ol) and y= -1.285+0.195x (Fig. 4) . The effect of Bay a 1040 on 1/0 ratio was quite characteristic and different from that of nitroglycerin. As shown in Table 4 , the 1/0 ratio of the anterior wall of LV and the anterior portion of IVS was approximately 0.8 after Bay a 1040, which was significantly lower than unity (P < OmOl), and also different from that of groups 1,2, and 3 (P<O.Ol). This indicates that a greater distribution of coronary flow to the outer layer of the non-ischaemic area was produced by Bay a 1040. The correlation between mean LCCP and the I/O ratio of the posterior wall of LV was not statistically significant in group 4, probably because of a decreased 1/0 ratio at higher LCCP.
The estimated coronary flow rate of 127 ml./ 100 g LV/min of group 4 represents 37, 40, and 30% increase over groups 1,2, and 3 respectively.
The PO, of coronary sinus blood was significantly increased after Bay a 1040 as reported elsewhere (Vater et al., 1972 ), but not after nitroglycerin. In group 4, two cores out of 21 of LV showed grade 2 ST.T changes before Bay a 1040, and yet nine cores out of 21 showed grade 2 ST.T changes after Bay a 1040. Therefore, it appeared that ST.T changes advanced slightly after Bay a 1040.
Discussion
Although several studies have used uptake of rubidium from the blood as an index of coronary flow and found that the rate of coronary blood flow and the amount of isotope taken up are closely related (Love and Burch, 1957; Cutarelli and Levy, 1963; Love and O'Meallie, 1963; Mathes and Rival, 1971) , Moir (1966) raised the question of RbE6 clearance method in circumstances where total myocardial blood flow is compared after an intervention that might alter velocity of flow or the size of the capillary bed. During the uptake process into the myocardial cell, a multicomponent barrier, such as capillary wall, interstitial fluid, and cell membrane may exist (Ziegler and Goresky, 1971) and metabolic processes will be involved to some extent. However, no exchange will occur along the shunt pathways. It has been demonstrated that rate of Rbs6 uptake as an indicator of capillary flow is mainly dependent on capillary permeability, capillary surface area, and rate of capillary flow (Renkin, et al., 1966) . We are more interested in effective nutritional flow of the myocardium than in coronary flow per se. It was therefore considered to be worthwhile to apply RbE6 clearance technique in the present study to elucidate the relationship between distal pressure of the obstructed left circumflex coronary artery (LCCP) and regional nutritional flow. It was difficult to apply a magnetic flow probe to measure total coronary flow of the left circumflex coronary artery in these conditions. The estimated total coronary flow rate of 93 ml./ 100 g LV/min of group 1 is not greatly different from a value reported by the N,O method (Eckenhoff, et al., 1948) . Although in groups 2, 3, and 4, regional flow was not uniformly distributed, estimated average coronary flow was calculated as an approximation. Selective coronary hypotension caused no decrease of total coronary flow (91 m1./100 glmin), probably because of an increased flow in the anterior wall of LV in spite of a decreased flow in the posterior and lateral wall of LV. Nitroglycerin did not change it, but Bay a 1040 increased it. An increase of total coronary flow by Bay a 1040 appeared to be caused mainly by an increase in the myocardial blood flow of the non-ischaemic area and of the surrounding region, because Bay a 1040 did not increase RbE6 clearance rate of the posterior and lateral wall of LV.
The correlation coefficient ( y ) between mean coronary pressure (x) above 60 mm Hg and RbE6 clearance (y) of LV was y=0.75 and y=2.24+ 0.042~ in the control dogs. It may indicate that regional flow depends weakly on perfusion pressure above 60 mm Hg. However, once coronary pressure was reduced further below 50-60 mm Hg, RbE6 clearance decreased very sharply and y= -0.93+0.153x (group 2), y=0.279+0.163x (group 3), or y = -1.285+ 0.195~ (group 4) was obtained. These results may indicate that regional myocardial flow of ischaemic LV is more strongly dependent on perfusion pressure. In contrast with nitroglycerin an increase of RbE6 clearance of LV after Bay a 1040 was remarkable and highly significant where the perfusion pressure was above 60 mm Hg. Therefore, it appeared that, inanimals treated with Bay a 1040, coronary vascular resistance of the non-ischaemic area is decreased because of the dilatory effect of Bay a 1040 on arterioles.
It has been believed that regional flow of the ischaemic area is greatly dependent on perfusion pressure, especially diastolic, and it is well known that 80-90% of coronary flow occurs during diastole in the non-ischaemic area of the left ventricle. One would therefore expect that the regional flow of the ischaemic area would decrease with a decrease of diastolic coronary pressure if intramyocardial pressure were kept unchanged. In the animals treated with Bay a 1040, mean LCCP was 47 mm Hg before the administration of Bay a 1040, a figure which was considerably greater than that of 34 mm Hg before nitroglycerin in group 2 or 3. And yet, Rbss clearance of the posterior wall of LV was not statistically different among groups 2,3, and 4 after drugs. The relationships between LCCP (below 60 mm Hg) and RbsE clearance of the posterior wall of LV (N) was statistically significant in groups 3 and 4 after drug (y=0*78 and 0.81 respectively: both P < 0*01), and also before drug in group 3 (y = 0.75 : P < 0.01). However, no relationship between LCCP before Bay a 1040 and Rbe6 clearance was obtained in group 4 (y=0.41). This may fit the fact that LCCP in group 4 was relatively high before Bay a 1040 and reduced significantly after drug. Therefore, there would be a possibility that Rbs6 clearance or the regional nutritional flow of ischaemic LV would decrease after Bay a 1040, especially in a large dose, probably due to a reduction of diastolic coronary pressure, because one would hardly expect a decrease of intramyocardial pressure after Bay a 1040 as discussed later unless ischaemia was improved. This possibility would be supported by the present finding, in which the number of cores showing grade 2 ST.T changes in the ECG increased and the 1/0 of the ischaemic area did not improve after Bay a 1040. However, the average Rbss clearance rate of the posterior wall of LV after Bay a 1040 was 5.62 (Table 3 ) with mean LCCP of 34 mm Hg (Table 1) . This clearance rate, 5.62, corresponds with the Rbs6 clearance rate of that area of LV with a mean LCCP of about 45 mm Hg in group 2. Therefore we cannot conclude that Bay a 1040 decreased or stole the regional blood flow of the ischaemic left ventricle. If it is true that Bay a 1040 did not decrease regional flow in the ischaemic myocardium, even with a significant reduction of perfusion pressure, there would be a possibility that the left circumflex coronary artery was not maximally dilated in group 4 under selective coronary hypotension and regional blood flow of the ischaemic LV could be maintained even with a reduction of perfusion pressure after Bay a 1040.
Bay a 1040 significantly increased Rbe5 clearance of the posterior portion of IVS and RV where the myocardium was expected to be nourished mainly via a hypotensive left circ u d e x coronary artery. Whether this significant increase of Rbes clearance after Bay a 1040 was caused by a dilatation of the collateral vessels or by an increase of flow via adjacent nonconstricted coronary arteries remains to be solved. Our different preliminary experiment (Nose et al., 1972) suggested that posterior portions of RV and IVS are nourished not only by the left circumflex coronary artery but also by other routes. Other studies suggested that intercoronary collateral vessels were not functioning to a significant extent in an acute ischaemia (Wiggers and Green, 1936; Kattus and Gregg, 1959) . We need a further study on this problem.
Although the distribution of regional myocardial blood flow between endocardium and epicardium has been disputed, the present study, as well as others, using diffusible radioactive indicators (Cutarelli and Levy, 1963 ; Gillespie and Love, 1967; Moir and DeBra, 1967; Mathes and Rival, 1971) al., 1971) have demonstrated that endocardia1 flow is equal to or slightly greater than epicardial flow in the control or normal animals. Myers and Honig (1964) demonstrated that blood content of I exceeded 0. In the present experiment, the average 1/0 ratio of LV was 1.08, but not significantly deviated from unity. It has been known that Rbs6 was taken up in the subendocardium directly from the ventricular cavity. We assumed therefore that antegrade flow in the subendocardium via the epicardial coronary artery would be equal to that in the subepicardium under normal conditions.
In selective coronary hypotension in the present study, a drop in pressure distal to the constriction was significant and reduction of Rbs6 clearance was much greater in the subendocardial than the subepicardial layer. Thus, the present study indicated that there was a disproportionate reduction in subendocardial nutritional flow within the ischaemic area of LV. J/O ratio in the ischaemic region of LV decreased significantly from unity, as shown in Table 4 . The correlation between the T/O ratio of the posterior and the lateral wall of LV and LCCP below 60 mm Hg was highly significant ( Table 5 ). The explanation for the disproportionate reduction in subendocardial flow during ischaemia is not yet determined . A greater decrease in peak systolic intramyocardial pressure of the outer layer of the ischaemic myocardium (Baird and Ameli, 1971) , or an increase of LVEDp would be major contributing factors to a decrease of J/O ratio.
In the animals treated with nitroglycerin, 1/0 ratio in the ischaemia area of LV increased slightly, but significantly, without altering total coronary flow. Thus, nitroglycerin appeared to improve partially the disproportionate reduction in subendocardial flow. This is in accord with data reported by Mathes and Rival (1971) . A partial recovery of 1/0 ratio by nitroglycerin without changing total coronary flow could be explained from the facts showing that nitroglycerin did not significantly decrease perfusion pressure and that nitroglycerin causes a more prolonged dilatation of the vein than the artery and causes a marked reduction in venous return and LV,,, (Mason and Braunwald, 1965; Campion, et al., 1970) . Tension in the subendocardial layer is greater than that in the subepicardial layer, especially in an ischaemic region of LV (Johnson and DiPalma, 1939; Kirk and Honig, 1964; Baird and Ameli, 1971) . When nitroglycerin reduced venous return and LVEDp, one would expect that intram yocardial pressure, especially in diastole, of the inner layer of LV would decrease.
In contrast with nitroglycerin, Bay a 1040 resulted in dilatation of systemic resistance vessels without changes in the capacitance vessel (Hirakawa et al., 1972) , and also resulted in a reduction of diastolic aortic and coronary pressure, as in the present experiment. We should determine LVEDp in a significant ischaemic condition before and after Bay a 1040. Bay a 1040 decreased the 1/0 ratio of the non-ischaemic LV and IVS. Thus, Bay a 1040 greatly increased subepicardial flow of LV where intramyocardial pressure was lower than that in the subendocardium. Bay a 1040 also increased RbE6 clearance of the posterior portion of IVS, which would be considered to be slightly ischaemic with a low 1/0 ratio. In contrast with LV and IVS, Bay a 1040 did not reduce 1/0 ratio of RV, probably because of lower intraventricular pressure and lower intramyocardial pressure of the inner layer of RV in relation to a reduced perfusion pressure. This would fit the findings that occlusion of the right coronary artery can produce myocardial infarct only in the presence of significant ventricular hypertrophy and hypertension in RV (Peter et al., 1972) . These haemodynamic differences between nitroglycerin and Bay a 1040, particularly on coronary diastolic pressure and probably on intramyocardial pressure, would explain the different effects of the two drugs on the distribution of regional myocardial flow.
